Summary Dietary scores, rather than individual nutrients, allow exploring associations between overall diet and bone health. The aim of the present study was to assess the associations between the Mediterranean Diet Score for Adolescents (MDS-A) and the Diet Quality Index for Adolescents (DQI-A) and bone mineral content (BMC) among Spanish adolescents. Our results do not support an association between dietary scores or indices and BMC in adolescents. Introduction To assess the associations between the MDS-A and a DQI-A with the BMC measured with dual-energy X-ray absorptiometry. Methods The MDS-A and the DQI-A were calculated in 179 Spanish adolescents, based on two 24-h dietary recalls from the HELENA cross-sectional study. The associations between the diet scores and the BMC outcomes [total body less head (TBLH), femoral neck (FN), lumbar spine (LS), and hip] were analyzed using logistic regression models adjusting for several confounders. Results Four hundred ninety-two models were included and only fruits and nuts and cereal and roots were found to provide significant ORs with regard to BMC. The risk of having low BMC reduced by 32% (OR 0.684; CI 0.473-0.988) for FN when following the ideal MDS-A, but this association lost significance when adjusting for lean mass and physical activity. For every 1-point increase in the cereal and root and the fruit and nut components, the risk of having low FN diminished by 56% (OR 0.442; CI 0.216-0.901) and by 67% (OR 0.332; CI 0.146-0.755), respectively. Conclusion An overall dietary score or index is not associated with BMC in our adolescent Spanish sample.
Introduction
Bone mineral content (BMC) in adulthood is determined both by peak bone mass attained in young adulthood and by adult bone loss. When bone mineral content is reduced and the bone microarchitecture is disrupted, the bone becomes fragile and this triggers future fractures. While the clinical consequences of adverse bone health occur predominantly in older age, accumulating evidence indicates that many predisposing factors, like diet, arise in childhood and adolescence [1, 2] .
Considerable research has examined the intake of nutrients involved in bone health, such as protein, calcium, or vitamin D [3] ; however, suboptimal single-nutrient intake generally does not occur in isolation. Describing and quantifying diet through dietary scores or indexes enables to study the holistic diet, rather than individual foods and nutrients, and thus, it takes into account the interaction between the food items consumed. Hence, assessing dietary patterns seems to be the preferred approach to explain the association between overall diet and bone health [4] .
Indices such as the Mediterranean Diet Score for Adolescents (MDS-A) and the Diet Quality Index for Adolescents (DQI-A) are based upon dietary recommendations. The MDS and DQI are built upon different dietary recommendations. While the MDS is characterized by a high intake of vegetables, legumes, fruits, nuts, and cereal grains, moderate-to-high fish intakes, and high intakes of unsaturated lipids but low intakes of saturated fats, together with low intake of meat products, the DQI is more based upon principles of balance and variation, including considering that all foods and food groups (including dairy and meat products) may contribute to a healthy diet. These indices are indicators of the overall diet and are known to be inversely associated with mortality in adults [5] , as well as with a number of chronic diseases including cardiovascular diseases [6, 7] , obesity, and type 2 diabetes [8] .
In relation with bone health, different dietary patterns are currently being evaluated in adults for the prevention of osteoporosis or the lower risk of future hip fractures [9, 10] . The Women's Health Initiative study and a Swedish cohort of more than 71,000 men and women observed that a higher adherence to a Mediterranean diet is associated with a lower risk for hip fractures. In contrast, a processed food pattern was inversely associated with bone mineral density (BMD) in the Aberdeen Prospective Osteoporosis Screening Study [11] .
In children and adolescents, the limited number of studies that use data-driven dietary pattern approaches has found no consistent associations. In a Korean adolescent sample, Shin et al. observed that adolescents in the highest tertile of the Bmilk and cereal^dietary pattern score had a significantly reduced likelihood of having low BMD compared to those in the lowest tertile [12] . Monjardino et al. [13] found no association between forearm BMD and different dietary patterns, like the Mediterranean Diet Quality Index or the dietary approach to stop hypertension (DASH) diet index.
Inconsistent results are also due to the different methods used for assessing bone mineral content (BMC). The dualenergy X-ray absorptiometry (DXA) is a gold standard instrument for BMC. It measures both bone and soft tissue masses in a reliable and precise way, and thus, the measurement of total body BMC has a high degree of precision [14] . Although, the economic cost of this instrument sometimes makes its use hard in epidemiological studies, it allows the measure of different skeletal regions, and it has the advantage that the data acquisition and analysis are fast and easy to perform.
For this reason, the aim of the present study was to assess the associations between the MDS-A and the DQI-A and BMC measured with DXA at different bone sites among Spanish adolescents. We hypothesize that an overall dietary score or index like the MDS-A and the DQI-A is positively associated with adequate BMC levels in adolescents.
Methods

Study design and subjects
The HELENA (Healthy Lifestyle in Europe by Nutrition in Adolescence) is a cross-sectional study of the nutritional and lifestyle status of male and female adolescents aged 12.5-17.5 years old in 10 European cities [15] . For the current analysis, only the sample from Zaragoza (Spain) was considered, as this was the only center with available DXA bone measurements (n = 373). In addition, 194 out of 373 adolescents did not provide two 24-h dietary recalls yielding a total final sample of 179 adolescents (48% males). Sensitivity analyses were performed between the study sample and the full cohort and we did not observe differences for BMC at any site.
The HELENA study was performed following the ethical guidelines of the Declaration of Helsinki 1964 (revision of Edinburgh 2000). The study protocol was approved by the Ethics Committee of Clinical Research from the Government of Aragon (CEICA, Spain). Written informed consent was obtained from parents or guardians and adolescents [15] .
Physical examination
Body weight (kg) was measured using an electronic scale (Type SECA 861, UK), precision 100 g, and range 0-150 kg. Standing height (to the nearest cm) was measured on a stadiometer (Type Seca 225, UK), precision 0.1 cm, and range 70-200 cm. Body mass index (BMI) was calculated as body weight in kilograms divided by the square of height in meters. All measurements were performed by trained researchers following a standard protocol [16] .
Identification of sexual maturation was performed by a physician who visually assessed each adolescent and classified him/her into the appropriate Tanner stage in one of the five stages (stages I-V) of pubertal maturity according to Tanner and Whitehouse [17] .
Sociodemographic factors (socioeconomic status and educational level)
A self-reported validated questionnaire was used to collect data on living conditions, family structure, employment status, and parental occupation and education level [18] . The Family Affluence Scale (FAS) index was used as an indicator of the adolescents' material affluence (reflecting family expenditure and consumption) [19] . The scale ranged from 0 to 8 and was re-coded and dichotomized into a 2-point scale: Blow familial wealth^(0-4) and Bhigh familial wealth^(5-8). Maternal educational level was also recorded (primary education, lower secondary education, higher secondary education, or university degree) and recorded later into a 2-point scale, namely as a low (primary and lower secondary education) and high (higher secondary education and university degree score) education.
Physical activity
Uni-axial accelerometers (Actigraph MTI, model GT1M, Manufacturing Technology Inc., Fort Walton Beach, FL, USA) were used to objectively measure physical activity. Adolescents were asked to wear the accelerometer for seven consecutive days during all waking hours, except for waterbased activities. At least 3 days of recording, with a minimum of 8 h of registration per day, was set as an inclusion criterion. The time sampling interval was set at 15 s and bouts of ≥ 20 min of consecutive zero counts were deleted from the datasets. Total physical activity was expressed as total counts recorded divided by total daily registered time (counts/min).
Dietary assessment
Dietary intake was assessed by two non-consecutive 24-h recalls, including weekdays and weekend days. The 24-h recalls were collected using the HELENA-Dietary Intake Assessment Tool (HELENA-DIAT) [20] . Trained dieticians assisted the adolescents to complete the 24-h recalls that were later checked for quality. Adolescents autonomously selected all the consumed foods and beverages from a food list in the HELENA-DIAT. Two different dietary patterns the MDS-A and the DQI-A were calculated.
An adapted version of the traditional MDS developed for adults [5] was calculated and validated for adolescents (MDS-A) showing strong associations with nutrient and food intakes [21] . In our proposal, seven positive components (fruits, vegetables, pulses, cereals, fish and seafood, monounsaturated/saturated fats ratio, and dairy products) and two negative components (meat and alcohol) were included. Since ethanol consumption is not recommended for children and adolescents, alcohol intake was scored as a detrimental component; and intake of dairy products was also scored as a beneficial component because dairy products are recommended in growing age [22, 23] . We used age-and sex-specific median intakes of the study participants as a cut-off value for each component. Furthermore, MDS-A was also calculated as continuous variables using standardized z-scores (in which each component was included as a z-score rather than a binary variable) with energy adjustment.
A previously validated diet quality index, originally developed for preschool-aged children [24] , was adapted for use in adolescents (DQI-A) to measure their compliance to the Flemish food-based dietary guidelines (FBDG) (28) . The ranges in these FBDG were based upon the nutrient recommendations of the Belgian Health Council [25] and the WHO, combined with data on habitual dietary intake in the Belgian population. These FBDG were very similar to dietary guidelines in other countries and to the CINDI (Countrywide Integrated Non-Communicable Disease Intervention program) pyramid developed by the WHO [26] , making the index applicable for a European population. These FBDG put forward three basic principles for a healthy and balanced diet, namely dietary quality, dietary diversity, and dietary equilibrium. Furthermore, the daily diet was divided into nine recommended food groups, namely (1) water, (2) bread and cereals, (3) grains and potatoes, (4) vegetables, (5) fruit, (6) milk products (7), cheese, (8) meat, fish, eggs, and substitutes, and (9) fat and oils. Dietary quality expressed whether the adolescent made the optimal food quality choices within a food group. For example, the meat, fish, eggs, and substitutes group was represented by a Bpreference group^(fish), an Bintermediate group^(minced meat), and a Blow-nutrient, energy-dense group^(chicken nuggets), scoring as + 1, 0, and − 1 for the preference, the intermediate, and the lownutrient energy-dense group, respectively. Dietary diversity expressed the degree of variation in the diet. This diversity component was obtained by giving points ranging from 0 to 9 when at least one serving of food of a recommended food group was consumed. Dietary equilibrium was calculated from the difference between the adequacy component (which was the percentage of the minimum recommended intake for each of the main food groups, truncated to 1) and the excess component (which was the percentage of intake exceeding the upper level of the recommendation, truncated to 1 if larger than 1 and truncated to 0 when below 0) [27] .
These three components of the DQI-A were presented in percentages. The dietary quality component ranged from − 100 to 100%, while dietary diversity and dietary equilibrium ranged from 0 to 100%. To compute the DQI-A, the mean of these components was calculated; as such, the DQI-A ranged from − 33 to 100%, with higher scores reflecting a higher diet quality. The score was calculated for each day and a mean of the daily scores was taken as global index score of the individual.
Bone measurements
Bone mineral evaluations were made using DXA (pediatric version of the QDR-Explorer software, Software version 12.4; Hologic Corp., Bedford, MA) calibrated using a lumbar spine (LS) phantom. Subjects were scanned at a high resolution in supine position. Lean mass (in grams), total area (in square centimeter), and BMD (grams per square centimeter) were calculated based on the total and regional analysis of the whole body scan. BMC (in grams) was calculated (BMC = BMD × area). Additional examinations were conducted to estimate total body less head (TBLH), removing head, LS (L1-L4), hip, and femoral neck (FN). The coefficient of variation for BMC in our lab was 2.3% [28] .
Statistical analysis
The Statistical Package for Social Sciences version 20.0 (IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp.) was used to analyze the data. All statistical tests and corresponding p values were two-sided, and a p value of less than 0.05 was considered statistically significant.
BMC z-scores were calculated using a reference standard obtained by age and sex [29] in the aforementioned bone regions. Once obtained, BMC was dichotomized in adolescents with low BMC [at least 1 standard deviation (SD) below the mean] and those with adequate BMC. This selection was to assess the prevalence of low BMC in adolescents with adherence or non-adherence to the MDS-A and with a low or high DQI-A.
Relationships of diet (the continuous variables of the MDS-A and DQI-A) with different bone mass-related variables (TBLH, LS, FN, and hip) were analyzed using logistic regression models. Model 1 included Tanner, FAS, and mother's education as covariates and model 2 included model 1 + total lean mass and moderate and vigorous physical activity (MVPA). These confounders have been previously shown to be associated with bone outcomes in adolescent population [28, [30] [31] [32] . Adequate BMC was used as the reference value. Results are presented as odds ratios and their 95% confidence interval. Table 1 shows the main characteristics of the study sample by the two dietary scores. One hundred twenty-three and 93 adolescents were included in the ideal MDS-A and the high DQI-A, respectively. No differences were observed for sex, age, sexual maturation, body mass, height, BMI, FAS, mother education, and MVPA between those adolescents in the ideal and the non-ideal MDS-A and in the high and the low DQI-A.
Results
Results from the 492 logistic regression models are presented in Tables 2, 3, and 4 . From these models, only few dietary components show to provide significant ORs with regard to BMC. Table 2 shows the results of the logistic regression analysis for BMC in relation to the MDS-A and the DQI-A. The risk of having low BMC reduced by 32% (OR 0.684; CI 0.473-0.988) for FN when following the ideal MDS-A after adjustment for Tanner, mother education, and FAS. Nevertheless, this association lost significance when adjusting for lean mass and physical activity. Table 3 shows the results of the logistic regression analysis for BMC in relation to the MDS-A components. For every 1-point increase in the cereal and root components, the risk of having low FN and hip BMC diminished by 56% (OR 0.442; CI 0.216-0.901) and 48% (OR 0.519; CI 0.279-0.965), respectively, although the association for hip did not remain significant after adjusting for lean mass and physical activity. For every 1-point increase in the fruit and nut components, the risk of having low FN BMC diminished by 67% (OR 0.332; CI 0.146-0.755) and this association remained significant after further adjustment for models 1 and 2. For every 1-point increase in the alcohol component, the risk of having low LS BMC diminished by 93% (OR 0.072; CI 0.008-0.668) and this association remained significant after further adjustment for models 1 and 2. For every 1-point increase in the vegetable component, the risk of having low LS BMC increased by 101% when adjusting for model 2 (OR 2.102; CI 1.200-3.683). For every 1-point increase in the pulse component, the risk of having low LS slightly increased when adjusting for model 1 (OR 1.346; CI 1.006-1.801). Supp1 includes the mean food intakes by ideal and non-ideal MDS-A for further information. Table 4 shows the results of the logistic regression analysis for BMC in relation to the DQI-A components. For every 1-point increase in the bread and cereal equilibrium or the adequacy component, the risk of having low hip BMC diminished by 2% (OR 0.980; CI 0.963, 0.997) and this association remained significant when adjusting for models 1 and 2. For every 1-point increase in the fruit adequacy component, the risk of having low TBLH (OR 0.985; CI 0.972-0.999) and LS (OR 0.986; CI 0.974-0.999) BMC slightly diminished, but this association did not remain significant when adjusting for model 2. For every 1-point increase in the fat and oil equilibrium component, the risk of having low TBLH BMC slightly diminished by 2% (OR 0.978; CI 0.959-0.998) when adjusting for model 2. For every 1-point increase in the cheese equilibrium component, the risk of having low hip BMC slightly increased (OR 1.012; CI 1.000-1.023) and this association remained significant when adjusting for models 1 and 2.
Discussion
This is the first study in reporting Mediterranean diet scores associations with BMC in adolescents and evaluating the risk of low BMC with diet quality scores and its components of equilibrium and diversity. Our data do not support an association between the DQI-A or the MDS-A and BMC.
Little research has been done examining the relationship between dietary scores or indices and bone quality. Monjardino et al. [13] studied the associations between forearm BMD in early and late adolescence and adherence to the Mediterranean Diet Quality Index in early adolescent. They found a linear trend towards increased BMD at 13 years with increasing adherence to the Mediterranean diet pattern, but this was not significant. In a recent review, Movassagh et al. [9] observed that the adherence to a healthy dietary pattern like the Mediterranean diet and the Healthy Eating Index can improve bone mineral status and decrease osteoporosis and fracture risk in Western adults. Taking into account the weak and few significant associations found in the present study, we hypothesize that dietary patterns may not be the primary factor in determining BMC in this age group. It is possible that dietary patterns may not have the impact on the bone in adolescents as they do in adult's populations. Another explanation may be that our adolescent sample is very homogeneous, since they are from the same city, making it much more difficult to find consistent associations between diet and BMC. Moreover, the low number of individuals with the outcome low BMC is the most likely explanation to the weak and few significant associations. For the same reason, the many secondary analyses of food groups in relation to BMC are likely to result in chance findings.
When we evaluated the MDS-A components, the bread and cereal, the fruit and nut, and the alcohol components were associated with BMC, but these results were not consistent for all the bone sites. Similarly, we observed associations between some DQI-A components (bread and cereal equilibrium and adequacy, fruit adequacy, fat and oil equilibrium and cheese equilibrium, and adequacy components) and BMC, but again, results were not consistent for all the bone sites. Cereal and root MDS-A and bread and cereal equilibrium and adequacy components showed to decrease the risk of low hip BMC. No previous studies have studied the association between bread and cereal intakes and bone health in adolescents. Similarly, Noh et al. studied the effect of a milk and cereal pattern on BMD in Korean adolescents [33] . The milk and cereal dietary pattern had a 64% reduction in the likelihood of having low BMD at the LS [33] . However, when they studied the sole effect of calcium and milk intake on the likelihood of having low BMD, they did not find significant associations. Further research on the reason for the effects of cereal breakfast consumption on specific bone sites is needed.
We also observe that the risk of low FN BMC decreased with the consumption of fruits and nuts according to the MDS-A. Movassagh et al. [9] studied the impact of fruit and vegetable intakes on long-term bone adaptation in distal tibia in young adulthood. They observed that adolescents consuming moderate (3.7 ± 0.5 servings/day) and high intakes (4.5 ± 1.3 servings/day) of fruits and vegetables had greater adjusted mean tibia shaft total area. In our sample, the vegetable MDS-A component showed to be detrimental for LS BMC. This finding is surprising as previous literature has found positive effects of vegetable intake on bone health [34] . Nevertheless, we should keep in mind that a small number of adolescents reached the vegetable recommendations, an intake of 300-450 g/day. In fact, the mean vegetable intake of the HELENA sample was 98 g/day [35] and those with high adherence to the vegetables intake according to the MDS-A presented mean intakes of 106.4 g/day (Supp1).
Alcohol intakes showed to be positively associated with BMC in adolescents. This result does not agree with previous literature reporting heavy alcohol drinking as predictor of lower BMC in adolescents [36, 37] . Nevertheless, moderate alcohol intakes in adults, especially in women, have shown to be beneficial in BMD [38, 39] . Our results agree with the ones from Eleftheriou et al. [40] where moderate alcohol consumption was associated with greater BMD in young adults. There are no existing data on the beneficial effect of alcohol drinking in BMC in adolescents. Nevertheless, we should keep in mind that alcohol intake, in our sample, was very low with a mean intake of 2 g/day and this observation could be due to an age effect, because the older adolescents were the ones drinking alcohol.
Inconsistent results are observed between both dietary pattern methods, the DQI-A vs. the MDS-A, despite the fact that both include similar grouping of dietary components. Nevertheless, we must acknowledge that the DQI-A is a more indirect method to calculate food group intakes compared to the MDS-A, as specific components of each food group are studied. Contrary, the MDS-A calculation is based on median food intakes, a more direct method to register diet. We should acknowledge the limitations and strengths of our study. As strengths, this is the first study that associates different dietary scores and indices with bone mineral content in an adolescent sample. Dietary intake was assessed using an accurate method, repeated two 24-h recalls, a widely accepted tool to be used in epidemiological studies. The MDS-A and the DQI-A have been previously validated and show a good correlation with food intake and some biomarkers [13, 19] . The use of sophisticated methods, such as DXA, to assess bone mass, is also a strength of our study. In addition, the important set of confounders included in the analysis facilitates the interpretation of the data. In contrast, results cannot be interpreted in terms of cause-effect relations due to the cross-sectional design of the study. In addition, a great number of analyses were conducted and no correction for repeated testing was applied; therefore, false associations are more likely to occur.
Assessing the diets of younger age groups is considered to be challenging, because their diets are highly variable from day to day. Thus, although adolescents are able to report their dietary intake, the provided information may be less accurate compared with that from adults [41, 42] . Therefore, limitations in relation to the use of recalls as a method of assessment should be considered.
In summary, an overall dietary score or index is not associated with BMC in our Spanish adolescent sample. Nevertheless, some dietary components like fruit and nut intakes may contribute to a higher FN BMC. Efforts to improve specific components of the diet from adolescence may prevent future diseases related to bone health. Further epidemiological studies are needed to corroborate these findings. 
